he purpose of this study was to evaluate the clinical performance of glass ionomer cement (GIC) restorations comparing two minimally invasive methods in permanent teeth after 12 months. Fifty pregnant women (second trimester of pregnancy), mean age 22 ± 5.30 years, were treated by two previously trained operators. The treatment approaches tested were: chemomechanical method (Carisolv TM ; MediTeam) and atraumatic restorative treatment (ART). A split-mouth study design was used in which the two treatments were randomly placed in 50 matched pairs of permanent teeth. The chemomechanical method (CM) was the test group and the ART was the control group. The treatments were performed in Public Health Centers. The tested restorative material was a high-strength GIC (Ketac Molar; 3M/ESPE). The restorations were placed according to the ART guidelines. Two calibrated independent examiners evaluated the restorations in accordance with ART criteria. The interexaminer kappa was 0.97. Data were analyzed using 95% confidence interval on the binomial distribution and Fisher's exact test at 5% significance level. In a 12-month follow-up, 86% of the restorations were evaluated. In the test group (CM), 100% (CI=93.3-100%) of the restorations were considered successful. In the control group (ART) 97.6% (CI=87.4-99.9%) of the restorations were considered successful and 2.4% unsuccessful (marginal defect >0.5 mm). There was no statistically significant difference between the 12-mounth success rate for both groups (Fisher's exact test: P=0.49) and between the two operators (Fisher's exact test: P=1.00). Both minimally invasive methods, chemomechanical method and ART, showed a similar clinical performance after 12 months of follow up.
INTRODUCTION
Current dental restorative concepts are characterized by an increased effort towards a less invasive treatment of caries lesions 26 . Due to the disadvantages of using traditional rotary instruments, such as heat, pressure, dentin desiccation, vibration and pain 2, 19 , there has been a considerable interest in developing alternative methods for caries removal 3, 9 . This has been possible with better understanding of the etiology and prevention of dental caries, as well as development of adhesive restorative materials 26 . Several approaches for minimally invasive cavity preparation and restorative methods have been developed to preserve as much sound enamel and dentin as possible during treatment of carious lesions 2, 3, 9, 26 . These include the atraumatic restorative treatment (ART) and the chemomechanical method (CM) 3, 8, 9 . ART is an approach to the management of dental caries, originally developed to provide dental treatment outside the traditional clinical setting 9 . It combines the preventive component with the restorative procedure. ART involves the removal of infected tooth tissues with hand instruments, followed by cavity restoration and sealing of adjacent pits and fissures with glass ionomer cements (GICs) 9 . On the other hand, when caries is excavated with the CM, the active components of the softening agents are mixed and applied to the lesion 3 . The carious tissue is then softened and can be scraped off with hand instruments 3 . This procedure is repeated until all carious tissue has been removed 3 .
Since its introduction, the ART approach has been subjected to research. A large number of these studies have investigated the survival of GIC restorations 4, 5, 10, 13, 18, 25 . Nevertheless, little is known about the performance of restorations placed on caries-affected dentin excavated with the CM permanent teeth 11 . This is mainly because most studies with CM have been conducted with respect to caries removal, caries removal time, pain and need for anesthesia 8, 10, 12, 20 . There is therefore the need to undertake further studies comparing the use of the ART and CM approaches with respect to longevity of GICs restorations in permanent teeth.
Another aspect to be addressed is the use of minimally invasive cavity preparation in special groups with negative behavior regarding conventional caries excavation, such as pregnant women. In many cases avoidance of dental treatment is justified by popular beliefs that the dental treatment uses rotary instruments and that local anesthetic may be harmful to the embryo 1 . It has also been observed that a significant proportion of the women who were unable to see a dentist or who, once examined, were not treated, received the explanation that such treatment should be avoided during pregnancy 21 . Considering this reality, perhaps the decision to avoid dental care among pregnant women may be modified by minimally invasive operative approaches.
The aim of the present study was to evaluate the clinical performance of GIC restorations comparing two cavity preparation methods in permanent teeth of pregnant women within a 12-month period. The ART was used as a control group and the CM as the test group. The null hypothesis to be tested was that there is no difference in the survival rate of GICs restorations with both cavity preparation methods in the permanent dentition after 12 months.
MATERIAL AND METHODS

Study Design
The institutional Ethics Committee approved this study (protocol #7032/2002), according to the guidelines of the Declaration of Helsinki. The patients were informed of the study purposes and were free to decide whether they would participate or not.
The inclusion criteria were: pregnant women (second trimester of pregnancy), presence of two dentinal caries lesions, which had an opening wide enough for the smallest excavator to enter (Ø=0.9 mm). The exclusion criteria were: pulp exposure, history of pain, presence of swelling or fistula and cases judged to be unrestorable according to ART guidelines 9 . Patients with teeth in such conditions were advised to seek care in a Basic Health Center where the adequate treatment was performed. Patients were included in this study only after signing an informed consent form. In case of more than 2 eligible teeth in the same individual, similarity of the size of the cavity and the most posterior position were the criteria used.
For this pilot study, one Public Health Center specialized in the treatment of pregnant women was selected. Two operators and one chair-side assistant performed the treatments. Two blinded evaluators inspected the completeness of caries removal after cavity preparation. Before the start of the study, the operators and the evaluators were trained and calibrated on criteria for complete caries removal. Training and calibration were performed in laboratory during 1 week, and the clinical pilot study was performed in 4 patients during 2 weeks. The intra-and interexaminer reproducibility of complete caries removal status showed very good reproducibility with kappa values of 0.92 and 0.87, respectively. Prior to being treated, all patients received individually instructions regarding oral health and how to clean their teeth by trained oral health educators.
Randomization
The pilot study was a clinical randomized controlled trial with split-mouth design, where the two methods were compared in each individual, one immediately after the other, in 50 pairs of permanent teeth. An independent supervisor was responsible for the randomization procedures and the overall logistics of the clinical procedures. After pre-treatment information was retrieved and the patients were found to fulfill the eligibility criteria, including agreement to participate, the caries lesions for each patient were randomized using the following procedure: 1) Sequence of the methods: randomization was carried out by the sealed envelope technique. Each envelope contained a paper slip allocating the sequence of the methods to be tested. For example: 25 envelopes contained the sequence: first CM and second ART, while other 25 envelopes indicated the sequence: first ART and second CM. 2) Sequence of the caries lesions: the supervisor randomly assigned the first tooth to either CM or ART using the flip of a coin.
Clinical Procedures
Cotton wool rolls were used for tooth isolation. Tooth surface was cleaned with a wet cotton pellet for removal of debris and plaque for both groups. In the test group (Chemomechanical -CM), cavity access was achieved using an enamel hatchet (Duflex-SS White, Petrópolis, RJ, Brazil). The exposed carious dentin was covered with Carisolv TM gel (MediTeam, Sävedalen, Sweden, batch #1081465). After 30 s, the carious dentin was gently scraped away using specially designed hand instruments (Multistar; MediTeam) to remove softened carious tissue. When the gel became heavily contaminated with debris, it was removed with cotton pellets and additional fresh gel was applied. The procedure was repeated until the gel no longer became cloudy and all surfaces of the cavity were hard on probing, indicating that there was no carious dentin left. In the control group (ART), cavity access was also achieved with the use of enamel hatchet. The next step was the removal of infected tissue with conventional spoon excavators (Duflex-SS White), first at the dentinoenamel junction and then from the floor of the cavity.
In both methods, after complete caries removal, the cavities were cleaned with small cotton pellets soaked in water and dried with dry cotton pellets (Cremer, Blumenau, SC, Brazil). When necessary, pulpal protection with calcium hydroxide cement was used in deep cavities (Hydro C, Dentsply Ind. e Com. Ltda., Petrópolis, RJ, Brazil). Conditioning of the cavity and adjacent pits and fissures was carried out for 10 s with a cotton pellet saturated with the liquid component of the glass ionomer cement (Ketac Molar; 3M/ESPE, Seefeld, Germany). The conditioned surfaces were then washed with cotton pellets soaked in water and dried with dry cotton pellets. To restore proximal surfaces of anterior teeth, wedges (TDV Dental, São Paulo, SP, Brazil) and plastic strips (TDV Dental) were used. Metal matrix bands (T-band; TDV Dental) and wedges were used when placing Class II restorations. Ketac Molar glass ionomer cement (3M/ESPE) was mixed according to the manufacturer's instructions and placed into the cavity using the smooth side of a spoon excavator (Duflex-SS White). The operator's gloved finger was coated with Petroleum jelly (Sidepal, Guarulhos, SP, Brazil) and a slight pressure was applied on top of the entire occlusal surface for 30 s. This ''press-finger'' technique was used to condense the material into the cavity and any adjacent pits and fissures, resulting in a sealant restoration. GIC excess was removed with a spoon excavator or carver instruments (Duflex-SS White). After initial hardening of the material, the occlusion was checked with articulating paper (AccuFilm II; Farmingdale, NYUSA) and, if necessary, adjusted with a carver. Two layers of varnish (Copalite; Cooley & Cooley, Houston, TX, USA) were applied over the restoration to prevent dehydration. Local anesthesia was used only when patients reported discomfort. The patient was instructed not to eat for at least 1 h.
Evaluation and Data Analysis
Clinical evaluation was carried out at baseline and after 12 months by two independent calibrated examiners not involved in the treatment. Initially, visible debris and plaque were removed with an explorer (Duflex-SS White). The teeth were cleaned with a small cotton pellet soaked in water and dried with a dry cotton pellet. Clinical evaluation was performed using WHO periodontal probes, sharp sickleshaped explorers, plane front-surface mirrors and a light source. The criteria used to evaluate the ART restorations were those of a previous study and are given in Table 1 13 . The ball of the CPI probe (Ø=0.5 mm) was used to measure the size of any marginal defect and the amount of dental tissue removal.
Inter-examiner agreement was assessed with kappa statistics. Data were analyzed using 95% confidence interval (IC95%) on the binomial distribution. Fisher's exact test was used for comparisons between operators and groups. A difference was considered statistically significant if p<0.05.
RESULTS
Baseline
A total of 50 pregnant women, with a mean age of 22 ± 5.3 years (16-39 years) participated of this trial. The mean DMFT was 11.8 ± 6.5, with 6.7 ± 3.9 of the index related to decayed teeth.
In the test group (CM) 34 molars, 7 premolars and 9 incisors were treated, whereas in the control group (ART) 32 molars, 5 premolars and 13 incisors were treated. This difference was not significant statistically (X 2 =1.12; P=0.57). No statistically significant differences were found between the test (CM) and control (ART) groups regarding The average time spent per restoration was 11.6 ± 2.7 min for the test group (CM) and 10.2 ± 3.1 min for the control group (ART). Comparing the mean times for caries removal, statistically significant difference was found with Student's t-test (P < 0.05).
Postoperative sensitivity was reported in the control group during the first day by 2 patients with deep carious lesions; in such cases local anesthetic was required and calcium hydroxide cement was also applied. No significant difference was found in the postoperative sensitivity between the groups (Fisher's exact test: P=0.24). Ninety four percent of the patients were willing to receive both treatments again if required.
Follow-up
At 12-month follow-up, the success rates of the restorations were 100% (CI95%=93.3-100%) and 97.6% (CI95%=87.4-99.9%) for test group (CM) and control group (ART), respectively. There was no statistically significant difference between groups (Fisher's exact test: P=0.49), and operators (Fisher's exact test: P=1.00). Results of the duplicate examinations on restoration status showed very good inter-examiner reproducibility with kappa values of 0.97 in the evaluation after 12 months. No caries lesion adjacent to the restoration was observed.
DISCUSSION
In this study, 86 out of the 100 restorations were evaluated at the 12-month follow-up. The lost-to-follow-up rate of 14% was low compared to that of previous ART studies that showed rates from 24.3% to 33.7% within the same evaluation period 10, 13, 15, 29 . Substantial efforts were made to follow the study subjects by telephone calls and multiple site visits were made to reduce drop out. Seven patients (14 restorations) were excluded because they had left the city (score 8). In addition, one restoration was excluded from the control group (ART) because the tooth had been extracted (score 7). In this case, the patient reported that the extraction of the tooth occurred approximately 9 months after the treatment. This patient did not report pain or postoperative sensitivity. The other restoration placed in the mandibular arch was rated as a success.
The present study is the first that reports, in permanent teeth of adults, the influence of two minimally invasive cavity preparations (ART and CM) on the clinical performance of GIC restorations. Previous studies compared manual methods (ART or CM) with conventional rotary instruments, but did not compare the differences between the ART and CM in terms of survival of restorations.
After 12 months, the tested methods of caries removal (CM and ART) did not influence the success rates of the GIC restorations. The survival of the restorations was not statistically significant different, thus the null hypothesis was accepted. These findings are relevant because the high quality of the tooth/GIC interface provides tooth surfaces capable of developing durable adhesive bonds to GIC 6 . Additionally, in the present study, the survival of the restorations was not operator-dependent. These results suggest that operators who have received adequate training and calibration in minimally invasive cavity preparation and restoration methods can produce reliable results.
It is important to emphasize that, in the present study, all restorations were recorded as successful in test group (CM) and 1 out of 42 GIC restorations in control group (ART) was recorded as unsuccessful. In this case, the restoration recorded as failure presented marginal defect higher than 0.5 mm. In such restoration, one occlusal site did not present enough bulk. This problem is likely to have contributed to the marginal defect of the restoration, but caries was not observed adjacent to the restoration. Our result is in accordance with those of previous ART studies 10, 13, 14, 29 . Despite the fact that infected dentin may have been left behind in the cavity, and that the patients in this study were considered of high-caries activity (mean DMFT score=11.86), secondary caries, whether residual or primary in origin, does not seem to have affected the survival of ART restorations after 12 months. These findings are in disagreement with the results of studies that still considered essential the removal of all carious dentin during restorative treatment 27, 28 , and in agreement with clinical and microbiological studies that have shown clinical success and a significant reduction in bacteria after hand excavation in spite of bacterial remaining in incompletely excavated dentin 16, 17, 24 . Furthermore, it can be suggested that GICs present antibacterial activity 7, 22 and these materials are potentially able to remineralize residual carious dentin 23 . Another important aspect to be considered in the success rate of GIC restorations in the present study was the presence of a chair-side assistant. This allowed the operator spending more time on saliva control after conditioning, while the assistant was mixing the GICs. Likewise, other authors have reported difficulty to control saliva or blood contamination in cavities with margins close to the cervical area, thereby having a detrimental effect on GIC bonding 4, 5, 13, 15, 29 . The use of minimally invasive cavity preparation techniques, such as ART and chemomechanical method, for providing restorative care to pregnant women should be encouraged. Both approaches were proved highly appropriate, effective and acceptable. It is reasonable to assume that the high acceptance by patients (94%) may be attributed to the nonuse of rotary instruments or the local anesthetics. These factors may explain why the treatment was well accepted and are in accordance with previous studies 4, 5, 8, 10, 13, 14, 20, 25 . Mickenautsch, et al.
18 (2007) emphasized that the insufficient supply of dental materials and instruments, and dentists' perceptions of low levels of clinical skills in performing ART were barriers to use this treatment in public oral health services. This suggests that although the early 12-month findings are promising, further studies of longer duration are needed to confirm these outcomes, as well as long-term politics of oral health care will help improving the access of a grater part of the population to proper oral care.
CONCLUSIONS
From the data gathered from this clinical pilot study, it may be concluded that: 1. Both minimally invasive cavity preparation methods, chemomechanical and ART, were proved highly appropriate, effective and acceptable for GIC restorations at the 12-month follow-up; 2. The high survival of the GIC restorations was independent on the tested minimally invasive cavity preparation methods (chemomechanical or ART); 3. Further clinical trials should be conducted to validate the results of this pilot study.
